INTRODUCTION
The success of restorations hinges on the adhesion stability between composite resin and tooth structure. To maintain this adhesion stability, the presence of a hybrid layer is essential in that it forms a resistant structure against bacterial invasion. Currently, simplified systems such as self-etching primer/adhesive systems have demonstrated good clinical performance to dentin. This approach is less technique-sensitive and reduces the time required for the bonding procedure. Although advances in adhesive dentistry have brought about improvements in bonding systems and techniques, bond failures at the tooth-restoration interface remain a challenge in the dental field.
Microgaps between restorative materials and the cavity wall permit invasion of fluids and bacteria, leading to secondary caries. This occurs probably due to inadequate marginal adaptation of composite restorations 1） . According to previous reports 2, 3） , secondary caries is the commonly cited reason for failure and replacement of restorations. Hence, antibacterial activity is considered to be an important beneficial property of dentin bonding systems for successful restorative treatments.
From this point of view, new versions of adhesive system containing fluoride in composition have been introduced in order to inhibit the action of secondary caries arising from enamel cracks or microleakage at the tooth-restoration interface. With regard to these fluoride-releasing restorative materials, some researchers have extensively demonstrated their significant cariostatic and antibacterial effects 4,5） . An experimental two-step self-etching primer/adhesive system, ABF（former name of Clearfil Protect Bond）-composed of an antibacterial primer containing MDPB （12-methacryloyloxydodecylpyridinium bromide） and a fluoride-releasing adhesive -has shown the potential in artificial secondary caries inhibition around restorations 6-8） . However, there is little information about the influence of antibacterial components on bonding strength. Likewise, information is scarce concerning antibacterial primer performance and fluoride-releasing adhesive effect against artificial caries challenge.
Tsuchiya et al. 9） described the formation of an acid-base resistant zone adjacent to the hybrid layer after acid-base challenge.
Results of the study
9）
clearly showed the influence of adhesive material composition in the formation of acid-base resistant zone. Although the characteristics of that resistant zone are still unclear, their results suggested the potential effect of self-etching primer adhesive systems in inhibiting secondary caries. Therefore, the purpose of the present study was to evaluate the influence of primer and bonding agent -by interchanging between a self-etching primer adhesive system with antibacterial properties （Clearfil Protect Bond）and a non-fluoride-containing self-etching primer adhesive system （Clearfil SE Bond）-on microtensile bond strength. In addition, in vitro inhibitory effect on artificial secondary caries around adhesive restorations was observed using a SEM. Experiment 1 -Microtensile bond test 1）Tooth specimen preparation For each tooth, the coronal portion was removed to expose a flat, midcoronal dentin surface using a lowspeed diamond saw（Isomet 1000, Buehler Ltd., Lake Bluff, IL, USA）under water refrigeration（Fig. 1A） . The exposed dentin surface was ground using 600-grit silicon carbide abrasive paper under water stream for 60 seconds to produce a standardized smear layer（Fig. 1B） . 2）Bonding and restorative procedures Prior to adhesive application, the teeth were randomly assigned into four groups, according to the bonding procedures shown in Table 2 . After applying the bonding resin, a composite resin, Clearfil AP -X, was built up using increments approximately 1 mm thick. Each increment was light-activated for 40 seconds （Optilux 500/Demetron-Kerr, Danbury, CT, FLUORIDE-RELEASING ADHESIVE SYSTEM ON DENTIN 546 Sun Medical, Moriyama, Japan MDP: 10-methacryloxydecyl dihydrogen phosphate; HEMA: 2-hydroxyethyl methacrylate; PI: photoinitiator; CA: catalyst; MDPB: 12-methacryloyloxydodecylpyridinium bromide; MFM: multifunctional methacrylate; NaF: sodium fluorite; Bis-GMA: 2,2-bis ［4-（2-hydroxy-3-methacryloxypropoxy） phenyl］ propane; TEGDMA: triethylene glycol dimethacrylate USA） . 3）Microtensile test After the specimens had been stored in distilled water at 37℃ for 24 hours, the bonded samples were sectioned perpendicular to the adhesive interface into serial slabs with a diamond saw under water lubrication. Each slab was further sectioned to obtain beams with an adhesive area of approximately 0.8 mm 2 . Then, the specimens were fixed to a testing apparatus with a cyanoacrylate adhesive （Zapit, Dental Ventures of American, Anaheim, USA）and subjected to microtensile testing at a crosshead speed of 1 mm/ min （EZ Test, Shimadzu Co., Kyoto, Japan） （Fig. 1C） . The mean bond strengths obtained were analyzed using the Kruskal-Wallis one-way analysis of variance on Ranks test. The fractured beams of debonded specimens were sputter-coated with gold and observed under a SEM （JSM -5310LV, JEOL, Tokyo, Japan） to determine the mode of failure. Failure modes were classified into four groups: （1） failure in adhesive resin;（2）failure at hybrid layer; （3）failure in dentin; and（4）mixed failure between hybrid layer and partial failure in adhesive resin.
MATERIALS AND METHODS
Experiment 2 -SEM interfacial observation after acid-base challenge Approximately 1.5 mm-thick dentin disks were obtained from the midcoronal portion of each tooth with the use of a diamond saw under running water （Fig. 2A） . Two disks were obtained from each tooth （Fig. 2B） .
Each surface of the dentin disk was ground with 600-grit silicon carbide paper under running water for 60 seconds（Fig. 2C） , and the adhesive system was applied. Bonding procedures were conducted in the same manner as previously described.
After applying the bonding resin, a thin layer of a low-viscosity composite resin, Metafil flo （Sun Medical, Moriyama, Japan） , was placed between two disks and light-activated to produce a dentin disk sandwich. The resin-tooth bonded specimens were stored in distilled water at 37℃ for 24 hours. Subsequently, the dentin disk sandwich was vertically sectioned at the dentin-adhesive interface（Fig. 2D） , and the blocks of dentin disk sandwich were embedded in epoxy resin.
Specimens were subjected to an acid challenge by being immersed in a buffered demineralizing solution （2.2 mmol/L CaCl 2 , 2.2 mmol/L NaH 2 PO 4 , and 50 mmol/L acetic acid） adjusted to pH 4.5 for 90 minutes. In a pilot study, the time for acid challenge was determined by SEM observation of the artificial caries lesion being of approximately 10 μm depth. After the acid challenge, specimens were immersed in 5％ sodium hypochlorite solution for 20 minutes to remove any demineralized dentin collagen fibrils, and then rinsed with running water for 60 seconds.
After which, a 4-META/MMA-TBB resin（Super Bond C&B, Sun Medical, Moriyama, Japan）was applied to protect the demineralized surface from the polishing procedure. The samples were then vertically sectioned at the dentin-adhesive interface and polished with diamond pastes down to 0.25μm. The polished samples were etched with an argon ion beam （EIS-IE, Elionix, Tokyo, Japan） for seven minutes for distinct ultrastructural identification of the dentin-adhesive interface（Fig. 2E） . Following which, the samples were sputter-coated with gold, and the morphological changes of the dentin-adhesive interface produced by acid-base challenge were observed under a SEM.
RESULTS

Microtensile bond strength results
Mean bond strengths and standard deviations are shown in Table 3 . There were no significant differences among the groups（p＝0.538） . The results suggested that the incorporation of an antibacterial monomer in the primer and a fluoride-releasing material in the adhesive did not compromise the microtensile bond strength values. Failure mode proportions of the debonded specimens are shown in Fig. 3 . Most of the failures were adhesive or mixed failures regardless of the group. Fig. 4 shows the representative SEM images from each group analyzed in this study. Outer lesions and acid-base resistant zones were observed in all specimens. Depth of the outer lesion ranged from 7 to 10μm after acid-base challenge. In parallel, a thin hybrid layer -approximately 0.5 μm thick -was also observed in all groups. SEM analysis showed that the structures of both adhesive and hybrid layer were not damaged after acid-base challenge, regardless of the material used. Fig. 4a of SE/SE shows the interface of Clearfil SE Bond adhesive system and dentin. The presence of the acid-base resistant zone（approximately 0.5μm thick）beneath the hybrid layer was clearly observed. Similarly, the acid-base resistant zone was observed when PB primer and SE adhesive were applied（Fig. 4d） . The observed acid-base resistant zone was homogeneous and parallel to the hybrid layer. On the other hand, the interfaces of Clearfil Protect Bond group and SE primer/PB adhesive group （Figs. 4b and 4c）showed sharp formation of a thick acid-base resistant zone（over 1.0μm thick）adjacent to the hybrid layer. Further, the acid-base resistant zone was formed from the upper slope to the end of outer lesion. Therefore, the thick acid-base resistant zone adjacent to the hybrid layer could be observed only when the fluoride-releasing adhesive was used. . This is because fluoride has been shown to exhibit anticariogenic activity by increasing enamel and dentin resistance to subsequent acid attack as well as inhibit carbohydrate metabolism in dental plaque. It has been widely accepted that fluoride could facilitate remineralization or prevent demineralization of the dental structure thereby exert a beneficial effect on adjacent demineralized enamel and dentin 8,14） . In addition, the presence of a fluoride-releasing component in dentin bonding is advantageous in that it imparts its inherent antimicrobial properties 6） . For this reason, antibacterial monomers have been developed and incorporated in dental resins 6,15） . In particular, Imazato et al. 16） demonstrated that the antibacterial monomer, MDPB, synthesized from quaternary ammonium dodecylpyridinium, could be considered as the most promising candidate to be accepted as a true non-agent-releasing antibacterial monomer 13,17,18） . Several reports 19-21） have established that selfetching primer/adhesive systems could certainly be used in restorative dentistry because of their ability to provide efficient marginal sealing. However, even if an adhesive system shows high bond strength, secondary caries is still found in clinical resin restorations after long-term use.
Scanning electron microscopic analysis
The primer of PB has an antibacterial monomer （MDPB） , and the adhesive has a fluoride-releasing component（treated sodium fluoride） . On the other hand, Clearfil SE Bond is an antibacterial-free adhesive system. The objective of this study, therefore, was to verify the influence of interchanging both self-etching primer and adhesive resin（SE and PB） on microtensile bond strength, as well as in the morphology of dentin-adhesive interface after acid-base challenge. In this way, the independent effectiveness and interference from the primer and adhesive of these adhesive systems could be observed.
From the microtensile bond strength test results, there were no statistically significant differences among the groups 7,22） . These results corroborated those of Imazato et al.
23,24）
, whereby it was found that the incorporation of MDPB into dentin primer did not demonstrate any adverse effect on the bond strength or curing behavior 25） of the adhesive system. Regarding the presence of a fluoride-releasing component in the adhesive resin, several studies 6,24,26-29） have established the ability of fluoride ions to inhibit secondary caries by the remineralization of dentin around the restoration. According to Han et al.
8）
, although the mechanism of fluoride action on caries reduction is not fully understood for clinical use, fluoride-releasing adhesive resins and luting cements are useful in preventing the initiation of the caries process and the development of secondary caries in restored teeth. Nakajima et al. 30） reported that the durability of dentin bonding created by a fluoride-releasing adhesive did not change after six-month storage, as compared to the significant decrease in bond strength with a fluoride-free adhesive.
They hypothesized that the fluoride component somehow prevented the degradation of dentin, resulting in the improvement of long-term stability at the dentin interface.
Although this study did not specifically evaluate the influence of each component of the adhesive systems （Table 1） on microtensile bond strength, we could conclude that the presence of fluoride-releasing component in the adhesive system did not alter the bond strength values when compared with a nonfluoride adhesive.
Therefore, based on the microtensile bond strength test results, PB could be considered a reliable adhesive system for clinical use -with due consideration to its antibacterial activity too.
Besides the high bond strength values, PB exhibited a significant behavior in the acid-base challenge. A demineralizing solution was used to induce the acid attack, and 5％ NaOCl solution was used to remove demineralized dentin collagen fibrils
9）
. An acidbase resistant zone formation was clearly observed through the SEM images. This zone was formed beneath the hybrid layer with or without fluoridereleasing component. Therefore, the SEM method was useful for analyzing the ultrastructural morphology of the dentin-adhesive interface after acidbase challenge
. Moreover, the argon ion etching technique allowed the hybrid layer to be visibly distinguished from the dentin-resin interface 31） . Toba et al.
32） stated that by means of confocal laser scanning microscopy, experimental ABF was found to be effective in inhibiting artificial secondary caries around restorations
29）
. Nevertheless, thickness of the inhibition zone was relatively thinner than those created with conventional glass-ionomer cements 4,32） . We speculated that the formation of a thick acidbase resistant zone was related to the presence of fluoride-releasing component in the adhesive resin 26,27,33） . This was because the formation of a thicker acid-base resistant zone took place only when the fluoride-containing adhesive was used （Figs. 4b and 4c） . Therefore, the formation of acid-base resistant zone was material-dependent 34） . Further, Torii et al. 4） suggested that fluoride-releasing adhesive systems may enhance the mineralization of decalcified dentin beneath composite resins and thereby contribute to the longevity of restorations.
With the fluoride-free adhesive system, a thin and homogeneous acid-base resistant zone （approxi-mately 0.5μm thick）was detected along the interface between dentin and adhesive. According to Tsuchiya et al.
9）
, the existence of the acid-base resistant zone suggested that the monomer had penetrated deeper than the hybrid layer -which was revealed by argon ion etching. Moreover, the micromechanical attachment of adhesive to dentin is acid-base resistant. This could be observed even after acid-base challenge.
Carvalho et al. 35） demonstrated that with some mild self-etch adhesive systems, a zone of partially demineralized but uninfiltrated dentin was formed beneath the hybrid layer. They speculated that due to the reduced etching potential of acidic monomers toward the base of hybrid layers, spaces containing products formed by dissolved calcium and phosphate ions during self-etching were created. Hence, a possible explanation for the presence of a thick acid-base resistant zone adjacent to the hybrid layer after acidbase attack, when the fluoride-releasing adhesive was used, was that fluoride was released to those spaces beneath the hybrid layer. As a result, the reaction of fluoride and other products prevented the demineralization of dental structure.
According to Itthagarun et al.
1）
, the fluoride released from bonded fluoride-releasing restorative materials and the potential benefit of artificial caries inhibition are indirect indications of the permeability of dentin adhesives and hybrid layers to water and ion movement. In addition, Ferracane et al. 14） reported that a fluoride-containing adhesive released fluoride into the microspaces of a restored cavity, and thus offered some degree of protection from demineralization and recurrent caries.
Although the characteristics of the acid-base resistant zone are still unclear, analysis from the current study adequately suggested that the acid-base resistant zone formation was due to monomer penetration and fluoride release. This was especially observed when the fluoride-containing adhesive of Clearfil Protect Bond was used, since its acid-base resistant zone （over 1.0 μm thick） was thicker than that formed with Clearfil SE Bond （approximately 0.5μm thick） .
Previous experiments 36-38） have shown the evident nanoleakage within the hybrid layer from nonfluoride-releasing self-etching primer/adhesive systems. Through this study, it was shown that the use of self-etching primer/adhesive systems containing an antibacterial monomer （MDPB） and a fluoride-releasing component was beneficial. Apart from rendering protection against secondary caries formation and progression 32） , these materials allowed significant bond strength to be yielded. As fluoridereleasing adhesives are in direct contact with the cavity wall, fluoride ions released from them easily penetrate and diffuse into the dentin at the cavity wall 32） . The progression rate of secondary caries is an important factor that determines the longevity of restorations. As such, further work should be carried out with regard to long-term antibacterial efficacy, as well as the quality and stability, of the acidbase resistant zone beneath the hybrid layer against caries progression.
